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SECTION 1
INTRODUCTIOM

Performance and design data for conventional keybcards are well estab-
lished. In contrast, similar data for data entry using tuvuch-sensitive
surfaces (e.g., CRT's, plasma panels) is almost nonexistent. The increased
use of such displays creates an immediate need for such data. B

Touch-sensitive display surfaces have several characteristics that
make them attractive for human-computer interface applications. Among
these are the ability to dispense with the conventional keyboard, thus
making the area in front of a display available for other purposes, and the
fact that data output (messace to the operator) and input (operator re-
sponse) can take place on a commor surface. Probably the most attractive

characteristic is the ability tc completely control (with software) the

format of input devices. For example, in the process of performing a given
task using a touch-sensitive CRT, an operator may be shown a set of touch
"switches" for performing a number of functions, may respond to queries by

touching specified areas on the screen, and may be shown a numeric keypad

for the entry of requested numeric data. The capability to dynamically
identify (with color or brightness coding, for example) active function
"keys" is a further example of the flexibility provided by a software
control led touch-sensitive display.

For the reasons mentioned, among others, touch-sensitive displays are
finding increased application. Unfortunately, available data relating to
the human factors characteristics of the devices is meager. Questions
relating to optimal size and spacing of the "keys" on touch-sensitive
panels, for example, cannot be answered with the data currently available.
The relative performance, in terms of speed and accuracy of touch-sensitive
displays and conventional keyboard/CRT combinations have not been estab-
lished. The 1983 edition of the NRC' report, Research Needs for Human Fac-
tors states, "No emplrlcal data were found déaling with the touch panel.”
This conclusion is supported by the results of a search of recent human
factors literature. No reports of empirical data obtained for touch-
sensitive display data entry performance were discovered.

A number of issues specific to touch-sensitive data entry appear
worthy of investigation. Fundamentally, effective design of touch-sensi-
tive display formats requires guidelines for (1) the desirable size, shape,
and spacing of touch-sensitive areas ("buttons", "keys", or "switches") on
the display, (2) the relationship of illuminated and tcuch-sensitive areas
(should the sensitive area of a "switch" be the same size, or larger than
the illuminated "switch" area visible to the operator?), (3) desirable
feedback for touch-sensitive input, (4) the best location for input areas
on the display, and (5) the effect of viewing position on data entry
accuracy. Additionally, the performance tradeoffs of touch-sensitive dis-
plays versus the conventional keyboard/CRT combination need to be estab-
lished. The experiments discussed here addressed a number of these issues.
Specifically, accuracy and speed of data entry via touch-sensitive numeric
keypads were compared to that of a conventional numeric keypad. Perfor-
mance effects of adding audible feedback to the touch-sensitive keypad were
also assessed.
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2 pair of expezimenrs were conducted to chara terize numermﬁ data .
entry via touch~sensitive kaypads. Experiment 1 directly compazed operator , !
speed and accuracy with touch-sensitive versus conventional keypads. In ..~ N
Experiment Z, performavice with four diffetent touch—sensxtlve keypad confik v
gurations was compared. : \ , :

5 - ; * Subjects

}f-‘iﬁ < | - Subjects for both experlrents were paid members of a subject pool.
. ' Both male and female subjects were usad; all had normal or cortected-to- - S
normal visual acuity, and had o neuromuscular disorders that would inter- g
fore with data entry. All were between 18 and 33 years of age. Six 3

subjects participated in the first experimant, The same six, plus two
additicnal subjects took part in the second experiment. X

.
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Apparatus

Data to be entered by the subjects, as well as feedback informaticn
" and touch-seiisitive keypads, were dvap;ayad on a 13", 512 line ditachi
color videc monitor mounted approximately 2@ inches in front of the sub-
ject. The display/input surface was perpendiculac to the table top. The
monitor was equipped with a TSO Display Products, Inc. Model TF-15 touch N
film overlay. The T@-15 uses a recistive film technology, and was adjusted -
to provide a 255 x 255 grid of touch-sensitive areas on the display. E::
Conventional keypads used were standard touch-tone telephone keypads. Dis- AR
play software and data acquisition routines were run on a POP 11/34 compu- B
ter.

Design and Procedure ﬁnﬂ
(o erd

Experiment 1. The goal of Experiment 1 was to acqguire fundamental
cata relating the performance of touch-sensitive and conventional keypads.
Subjects sat in front of the touch-sensitive display surface, with right
hand resting on a "home" switchplate. A four digit number appeared in the
upper left corner of the display, accompanied by a short beep. The subject
was instructed to respond by entering the displayed four--digit number as e
quickly and accurately as possible on the keypad under test. Motivation to -
work quickly and accurately was provided by feedback to the subject; both e
tne actual digits entered and the time to enter all four digits were '
displayed on the video monitor. If a subject took more than 2.25 seconds
to enter all four digits (after moving hand from the home switch) an St
audible alarm sounded. Following entry of each four digit number, and bwr
subsequent feedback, subjects replaced their hand on the home switchplate.
After a variable delay of 1.5 to 3.0 seccnds, the next number to be entered
was displayed, and the sequence continued.

The four digit numbers to be entered by subjects were generated ran- -
domly but checked to ensure that no more than two consecutive digits in any i-—
number wexe the same (e.g., numbers such as 1333 and 4447 were not used).

In the first experiment four keypad configurations were tested. Configura-

-------
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ricn L r*onaisted of a to..mh-sensitivp video keywsd displayed in the center )
' bf the video mcnitor. Dirensiont were identical to those of the conven- $ff
tiwnal telephone kaypad uszd ia 'Jon"*gura lons 3 and 4 (See= Figure 1). 5"
Configuration 2 wae the same, except that audiple feedback in the form of a b

_ shiort beep occuxred when each uumber was entered. In Conflguratlon Ja ‘i:
conventional ‘telephone keypad was positioned on the desk in front of the )
video. nionitor.. The keypad was mounted.nn a small box with a sloping top to . ‘ g{é
allow convenient data entry. Configuration 4 used an identical telephone B 'y
‘x.eypsd, but'in this case the keypad was mounted on the face of the video ‘ F-
monitor, in the location at which the. v1deo keypad was dlsplayed in Con- g
figuration . and 2. : ‘ : ‘»‘ijt,
Each of the six subjects participated in four experimental sessions. N

In each session, the subject entered 10@ four-digit numbers with one keypad g
-configuration, took a short break, entered 190 numbers with the next 'P
‘configuration, and so on; for all four configurations. The order in which by
the four keypad mnflguratlons were presented conformed to a Latin square A
design. -
Data acquired duriung each trial included the time delay hetween the ,:'.

hand leaving the rest position and entry of the first digit (termed o
"initial delay"), time between entry of digits ("inter-diyit delay"), and -
data entry errors. The latter included the case of wrong digits entered, &
as well as the case (for the video keypads) of a tuuch occurring outside of 3
any touch-sensitive area. The coordinates of each touch on the video i
keypads were also recorded. ;
Experiment 2. The second experimen: kuilt, on results of the first, t

was very similar in design. Eight subjects were used, including the six o
who participated in Experiment l. Four potential video l:eypad designs were .

studied. Configuration 1 was identical to that of the first experiment--a
video keypad matching telephone keypad dimensions. The other three
configurations are numbered 5 through 7 to avoid ccnfusion with the first
experiment. In Configuration 5 (Figure 2) the video keypad was visually
identical to Configuration 1, but the areas sensitive to touch were ~
extended beyond the visible key areas. Both key spacing and key size were N
expanded in Configuration 6 (Figure 3); visible and touch sensitive key h.
areas were congruent. In Configuration 7, shown in Figure 4, key sizes <
were identical to standard keys, key spacing was increased, and touch- -9

io s

sensitive areas extended beyond the visible keys. No audic feedback was
provided for any configuration.
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FIGURE 1. Telephone Keypad: Dimensions used for
Configurations 1, 2, 3, and 4.

(Sensitive areas are congruent with the visible keys)
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SECTION 3

RESULTS

In this section, results for Experiments 1 and 2 will be discussed
together. Delay and error data will be treated in turn. Table 1 shows
mean delays and error rates for both experiments; Table 2 shows
corresponding Analysis of Variance (ANOVA) results.

Delays

Delay data for both experiments is graphed in Figure 5. A learning
effect is clearly apparent in data for the first experiment.

The ANOVA results indicate that the observed differences are signifi-
cant. Particularly apparent is the larger initial delay observed for all
touch keypads (Configurations 1, 2, 5, 6, 7) compared to the conventional
keypads (Configurations 3, 4). For example, mean initial delay during the
fourth session for all touch keypads was approximately 678 milliseconds,
compared to 565 milliseconds for the two conventional keypad configura-
tions., A proportionate difference is evident for the interdigit delays.

Errors

Figure 6 shows that in the first experiment conventional keypads
produced much lower error rates than the touch keypads. In the second
experiment, however, new touch keypad designs showed improvement over the
original configuration. Specifically, Configuration 5 demonstrated an
error rate of 7.4 percent, compared to 18.6 percent for Configuration 1
(over all sessions). By comparison, the conventional keypads produced a
combined mean error rate of 4.9 percent.

Questionnaires

Following the completion of each experiment, participants filled out a
questionnaire. Results for Experiment 1 and 2 will be discussed in turn.

Questionnaires for Experiment 1 were completed by eight subjects,
including two who participated only in pilot testing. When asked which
Experiment 1 condition they would most prefer to repeat, subjects listed
only Configurations 3 and 4, those using the conventional telephone key-
pads. When asked which they would least prefer to repeat, each video
keypad configuration received two responses, and Counfiguration 3, the
conventional keypad mounted on a sloping box on the desk, was listed three
times. Asked to list any conditions that caused discomfort, subjects
listed the video keypad conditions ten times; Configurations 3 and 4 were
listed two and four times respectively. Finally, six subjects felt that
audio feedback for the video keypad was helpful, two thought it was not.

In Experiment 2, Confiqguration 7 (increased key spacing, small keys
with expanded sensitive area) was judged most preferred by five subjects.
By a wide margin (six responses), Configuration 6 (large visible keys and
increased spacing) was judged least preferred.. Finally, five subjects

11
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thought they were most accurate with Configuration 7, two thought they were
most accurate with Configuration 5 (telephone layout, increased sensitive
areas) .
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TABLE 1. ANOVA Results for Experivents 1 and 2

INITIAL DELAY INTERDIGIT DELAY % ERRORS

VAKIABLES af F D F p F p
Conditions, Exp 1 3,15 7.61 .003 9.628 .@0l 32.37 .000
Exp 2 3,21 4.79 .011 6.95 .002 26.69 000

- Sessions, Exp 1 3,15 13.29 .000 1¢.99 .001 <1 ns
Exp 2 3,21 2,28 .109 6.40 .0@03 1.03 ns

TABLE 2. Mean Initial and Interdigit Delays and Erxror Rates for
Experiments 1 and 2

INTTIAL DELAY INTERDIGIT DELAY % ERRORS
Mean s.d. Mean s.d. Mean s.d.
Exp 1 Cendition 1 726 162 295 49 18,9 14.6
Condition 2 741 114 295 45 18.9 11.1
Condition 3 610 129 262 40 5.2 6.2
Cordition 4 637 114 269 48 4.6 3.6
Bxp 2 Condition 1 699 89 301 46 18.4 10.0
Condition 5 683 193 284 49 7.4 4.8
Condition 6 671 95 303 52 12.1 7.7
Condition 7 673 92 310 52 19.9 6.2
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SECTION 4
DISCUSSION

Experiment 1 showed conventional keypads to be superior to the touch
keypad configurations in both speed and accuracy. Curiously, initial
delays (time from home position on the desk to entry of the first digit)
for the conventional keypad mounted on the CRT were considerably less than
for the touch keypads displayed in the same location, Two factors possibly
contribute to the observed difference, First, anticipated tactile feedback
may increase confidence that the correct number will be entered on the
conventional keypad, with a resulting increase in speed. Second, the three
dimensional characteristics of the physical keypad may assist accurate and
speedy aiming.

New touch keypad configurations studied in the second experiment
showed little speed advantage over the original configuration. On the
other hand, the designs all resulted in reduced error rates. In particu-
lar, Configuration 5, in which the keypad remained visibly identical to a
telephone keypad yet had extended sensitive areas, gave error rates
approaching those of the conventional keypads. Conditions in which key
spacing (Configuration 7) or both key spacing and visible key size were
increased (Configuration 6) resulted in error rates higher than for Con-
figuration 5, with little or no speed advantage. The greatest improvement,
then, was achieved by allowing sensitive areas to fill the space between
the keys, eliminating the possibility of an error resulting from completely
missing a target key. The resulting increase in wrong digits entered was
more than compensated for by the decrease in errors due to the target being
completely missed.

At first glance the similar performance with both conventional keypad
positions (on the desk and on the display) was surprising, It seems to
indicate that keypad position does not have an important effect on speed of
data entry. This counter-intuitive result may be a product of confounding
due to the position of the input cue. Several subjects noted that they
preferred the keypad on the CRT because it was in the same visual field as
the four digit number they were required to enter. This advantage over the
keypad on the desk probably compensated for any disadvantage due to
distance from the home hand position.

The presence or absence of audible feedback with the video keypads in
the first experiment had little effect on speed or accuracy. Although
several subjects indicated that they liked the feedback, others felt it was
merely annoying.

Questionnaire responses after the first experiment heavily favored the
conventional keypad conditions, The two conventional keypad configurations
were the only ones noted as "most preferred to repeat." The conventional
keypad mounted on the CRT was the only configuration not mentioned as
"least preferred to repeat," and the keypad on the sloping box was noted
least often as causing discomfcrt. In general, subject responses following
Experiment 1 were consistent with the performance achieved; those con-
figurations with lowest performance were liked the least. This was not the
case following the second experiment. Although Configuration 5 resulted in
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the best overall performance, five subjects preferred Configuration 7
(greater spacing, small keys, large sensitive areas), and five felt they
were most accurate with that condition. Curiously, six suhjects responded
that they would least like to repeat the condition with increased spacing
and large visible keys (Configuration 6).
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SECTION 5

CONCLUSIONS

Error rates and delays achieved with the conventional keypads were
superior to all touch-sensitive keypad configurations.

Although subjects expressed some preference for audible feedback with
touch-sensitive keypads, speed and accuracy were not affected.

Although initial and interdigit delays were similar for all touch-
sensitive keypad conditions, a large and significant improvement in error
rate was achieved by modifying the initial design.

Increasing video keypad visible key size and key spacing resulted in
improved accuracy compared to the video keypad with standard telephone
dimensions (Configurations 1 and 2). Similarly, increased key spacing,
with small keys and extended sensitive areas gave improved accuracy. The
improvement in each case was less than for the condition in which standard
telephone dimensions were used with increased sensitive areas.

The most effective modification was simply to extend the sensitive
area for each key until it bordered the sensitive areas for neighboring
keys, and extended outside the visible boundaries of the keypad. The
fundamental conclusion is that sensitive areas should be extended to fill
all of the area between numeric keypad keys. More generally, sensitive
areas should be extended whenever possible beyond the visible target area
on any touch-sensitive display format.

Data for all video keypads is consistent with the conclusion that the

most effective design step for best data entry accuracy is to expand touch-
sensitive areas to fill the entire area between visible keys.
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